are gravitational sensors located in the head, called utricle and saccule. Both detect sense of accelerations, including those produced by gravity. The afferents signs provided by the otolith organs are interpreted together with visual and proprioceptive information from head-neck and neck-trunk positions. So, perception of verticality depends on sensors located in the head (otolith organs) and on body sensors 8 . The gravitational perception is frequently measured with the subjective visual vertical (SVV) 9 . SVV test evaluates the ability to adjust a luminous rod in the vertical position in a dark room, without other visual cues 10, 11 . Misperception of SVV can reflect damage in peripheral or central vestibular pathways from the brainstem over the thalamus to cerebral cortex 12 , or may be a sign of an impaired sensorial integration 13 . Because of the widely distribution of central nervous system (CNS) lesion in PWMS, poor balance control had multifactorial causes that varies from one person to another 14 . Further, some studies suggests that balance disorders in PWMS occurs due to impaired central integration of visual, vestibular, and somatossensorial input 15 . Few previous studies had shown that perception of verticality can be affected in MS patients when compared with healthy controls. Besides that, SVV deviation has also been correlated with disability degree, measured by Expanded Disability Status Scale (EDSS) 16, 17 . However, none of these studies has analyzed the correlation between verticality misperception and balance disorders in the PWMS.
Therefore the objectives of this study were: (1) to investigate if perception of visual vertical is different between PWMS with and without dynamic balance disorders and (2) to analyze if misperception of verticality correlates with risk of fall in PWMS.
metHoD subjects
We recruited outpatients with relapsing-remitting MS. Patients were included after medical consultation according to the following inclusion criteria: (1) diagnosis of MS according to the McDonald et al. 18 and (2) score of Expanded Disability Status Scale (EDSS) 19 between 0 -4.5. Patients were excluded if they had (1) relapses over the last 3 months, (2) other neurological diseases, (3) vertigo or vestibular dysfunction, including nystagmus and vestibulo-ocular reflex, (4) cognitive disorders or (5) visual impairment (blindness, blurred vision, diplopia or optic neurits). All patients were under treatment with interferon therapy. Since risk of fall is consequence of balance disorders, patients were divided into two groups according to their risk of fall: risk of fall (RF+) and without risk of fall (RF-), measured by Dynamic Gait Index Scale. Forty-nine healthy controls (HC) were also recruited. They were excluded if they had history of (1) vestibular symptoms, (2) cognitive disorders or (2) severe visual accuracy impairment. All experiments were conducted in accordance with the Declaration of Helsinki and this study was approved by the local Research Ethics Committee. All patients and controls signed the informed consent term.
A total of 98 PWMS (67 females) were included. The EDSS median score in RF-group was 1 (1 -1,5) and in RF group was 2.5 (2.0 -3.5). We also evaluated forty nine HC (32 females, age 37.6 ± 7.4).
Clinical assessment of PWms
Dynamic balance was evaluated by the Dynamic Gait Index (DGI). This scale was developed by Shumway-Cook et al. 20 to evaluate balance control during walking and to evaluate risk of falling. The measure consist of 8 itens: walk 6 meters, walk and change speed, walk with head turns (look left then right and look up then down), walk with pivot turn, over or around obstacles and going up stairs. The score ranges from 0 to 24. The cut-off point of ≤ 19 was previous established for PWMS to indicate balance disorders and risk of fall by Forsberg et al. 21 . In this study we decided to classify PWMS with balance disorders according to the risk of fall detected by DGI scale. 57 patients had DGI scored higher than 19 point, thus they were included in PWMS group without risk of fall (RF-) and 41 patients were included in PWMS group with risk of fall (RF+), with scores lower than 19 points in DGI scale.
subjective visual vertical test
The measurement of the SVV was performed in PWMS and HC using a 24 cm long luminous portable rod. The rod was positioned 1.5 meters in front of the subject who was sitting upright and wearing glasses with dark lenses that made use of any other visual reference impossible ( Figure 1 ). Patients remained sitting and the head was aligned with trunk position. Measurements were stopped if the head tilted to either side. Starting the rod from 30 degree oblique position, to clockwise (positive) and counterclockwise (negative) initial positions, the subject verbally instructed the examiner to set the rod into a vertical position. Both, HC and PWMS made ten adjustments, 5 from positive and 5 from negative initial positions. A previous study published by our group used the same methodology to evaluate perception of verticality in patients with Parkinson's disease 22 .
subjective visual vertical calculation
Two different SVV-analyses were performed. In the first analysis the objective was to detect otolithic tonus imbalance, since SVV tilts are known to be a sensitive sign of otolithic tone imbalance and a lesion of the graviceptive pathways. These SVV tilts were calculated as a mean value and expressed as either clockwise or anticlockwise. The values of SVV-deviations from true vertical to the right (clockwise) of the subject examined were considered positive, while deviations to the left (anticlockwise) were deemed negative, and a mean value was calculated, which means that the results should be positive or negative. A second analysis was done to detect intraindividual variability. An intraindividual variability implies a compromised perception of verticality and a disturbed processing of the graviceptive pathways, but not necessarily an otolithic tone imbalance. In this analysis the absolute values of SVV-deviations were considered, which means that we should not considered positive or negative values, since increased shift for either direction of rotation may be symmetrical and a normal mean value may not be representative of abnormal deviations.
statistical analysis
Data were expressed as means (standard deviation) or median [range], as appropriate. Statistical analysis was performed by the Student t-test to compare EDSS and DGI scores between PWMS groups. Mann-Whitney test to compare the mean of relative and absolute SVV values between PWMS and HC. To compare the differences among each group, RF-, RF+ and control group, the Kruskal Wallis test was performed. Spearman´s correlation test was performed to assess the correlation between SVV values with DGI, considering all PWMS in the same group. The r-values were considered as follows: r < 0.4 poor correlation; 0.4 < r < 0.6 moderate correlation; r > 0.6 strong correlation. The level of significance was 5%.
resuLts
Table shows the demographic and clinical characteristics of the 98 patients according to risk of fall. Disability degree measured by EDSS scale was significantly worse in RF+ group than in RF-group (p < 0.001). Patients with risk of fall had a higher EDSS score than the patients without.
Analysis of sVV mean values
In the first analysis, mean SVV-values were considered in order to detect otolithic tonus imbalance. Mean SVV-value in HC was +0.5 (-0.12 -0.7). In the RF-group the mean SVV-deviation was +0.3º (-0.75 -1.72), while in the RF+ group it was +0.65º (-1.3 -1.65). No significant differences were detected between PWMS with and without risk for falling (2-tailed Mann-Whitney test, p = 0.54). We did not also find differences in mean SVV-values when we compared PWMS with HC (2-tailed Mann-Whitney test, p = 0.97).
Analyses of sVV absolute values
In the second analysis which was done to detect intraindividual variability and the disturbed processing of graviceptive pathways, the SVV absolute values were considered. The absolute mean SVV deviation in HC was 1.2 (0.87 -1.62), in RF-group was 1.6º (0.97 -2.3), and in the RF+ group was 2.2º (1.62 -3.25). Statistical comparison of absolute mean values of SVV proved significant difference between HC, RF-and RF+ (2-tailed Mann-Whitney test, p < 0.001, Figure 2 ). According to our results, misperception of verticality was higher in patients with risk of fall.
Increased misperception of verticality correlates to risk of fall in PWms
The risk of fall was assessed by DGI scale. The median (range) of DGI score was 24 (21 -24) in RF-group and 16 (13 -16) in RF+ group. Since only SVV absolute values were different between groups, we considered these absolute values to correlate with DGI scores. An oposite correlation was found between the SVV absolute values and the DGI-scores (rs = -0.325, p < 0.001), suggesting that the larger the error for SVV judgment, the greater the risk for falling (Figure 3 ).
DIsCussIoN
A lot of previous studies have classified PWMS as fallers and no fallers according to their fall history. We chosen to use another method because some of our patients with balance disorders do not report falls since they restrict their diary activity at home, because they feel fear of falling. Thus, the number of fall could not be considered. Our study shows that PWMS with risk of fall have worse misperception of verticality than patients without risk. Moreover, comparing to HC misperception of verticality was also found in patients without risk of fall, suggesting that the misperception of verticality is present even before the clinical manifestation of balance disorders. The misperception of verticality as shown by higher absolute means of SVV deviation, suggesting a disturbed processing of graviceptive pathways, rather than otolithic tonus imbalance. Only a few previous studies have evaluated the perception of verticality in MS population, and none of them had considered the relationship between misperception of verticality and both dynamic balance disorders or risk of fall. SVV is a test of otolithic function and is able to provide information about the integrity of the vestibular pathways, both peripheral and central 10, 11, 23 . This suggests that SVV test may be a useful tool for evaluation of vestibular system and sensorial integration 16, 17 . The wrong judgment of verticality has been associated with acute unilateral brainstem lesions and thalamic or cortical lesions 12, 17, 24, 25 . In order to assess if the misperception of SVV was related to an otolithic tonus imbalance or a disturbed processing of graviceptive pathways, our study considered two analyses. We found that perception of verticality was different among HC and both PWMS groups, RF+ and RF-, when absolute values of SVV deviation were considered, but not when the arithmetic mean was considered. This finding means that MS patients do not have a graviceptive tone imbalance, but they have an impaired precision of vertical judgment and a defective processing of graviceptive pathways.
The analysis of the SVV test may consider the tilt direction or the intraindividual variability. Intraindividual SVV variability reflects the precision of the rod's adjustment, and is a measure of the precision of vertical perception 26 . So, an increased intraindividual variability is considered to be a decreased effectiveness of the otolithic organs, a disturbed processing of graviceptive pathways with an impaired sensorial integration 13 . Our findings show that even patients without risk of fall have misperception of verticality, probably resulted from impaired central integration, since patients with visual or acute vestibular dysfunction were excluded. We also found that misperception of verticality in MS patients is correlated to the risk for falling evaluated by DGI scale. Prior studies suggested that the incapacity to detect visual verticality could be related to poor balance recover 27, 28 . Despite of these studies have evaluated patients that suffered stroke, the findings highlight that some cortical areas are related to perception of verticality, and these sense is not just related to peripheral lesions.
The upright stability requires the determination of body orientation through CNS information and depends on the integration of visual, vestibular and somatosensory inputs, and also an adequate integration of these afferences in the multissensorial cortex areas 4, 5 . When the visual information is excluded, the capacity of judgment of gravitational verticality relies on the vestibular system, specifically, the otolithic organs inputs 13, 24 . Due to the widespread distribution of lesions in CNS, perception of verticality in MS patients could be affected by the deficient integration of sensorial pathways. Several studies of balance in MS have suggested that impaired central integration seems to be the main mechanism involved with balance deficits 14, 15 . Our results suggest that SVV tilt might be a sensitive sign to evaluate impaired afferent pathways related to balance control. Consistent with our study, Crevits et al. 16 found a positive correlation between SVV tilt and EDSS total scores and concluded that misperception of gravity may interfere with disability. In addition, these authors also found highly significant correlation between SVV deviation and subscores of EDSS for brainstem and cerebellum, associating with dysfunction of oculomotor or otolithic pathways and cerebellar dysfunction. Other authors had also proposed that SVV could be an index for cerebellar dysfunction in MS 16, 17 . Our data complement these previous studies because we also found the correlation between disability degree (EDSS) and misperception of SVV. However, we chose not to consider subscores of EDSS. SVV tilt has not been shown to be a cerebellar sign, and the correlation of SVV tilt and cerebellar dysfunction demonstrated by these authors could be probably explained by concomitant brainstem and cerebellar lesions on MS patients.
In our study, we evaluated vestibular function using clinical tests. We included PWMS with normal VOR and without nystagmus positional or evocade. When VOR is abnormal or nystagmus is present, the lesion is characterized by unilateral in peripheral or central vestibular pathways. In these cases, SVV test shows deviation from verticality for ipsiversive or contraversive side from lesions. Because our objective was to analyze the vertical perception which depends on central processing of the vestibular function and visual and proprioceptive functions as well, we excluded patients with vestibular symptoms. Thus, we considered the vestibular clinical tests enough for our purpose. However, we did not use caloric test and this could be a limitation of this study.
Because balance impairment reported as a frequent and disabling consequence of MS, even at the initial stage of the disease, the need for reliable measures to identify subtle impairments that damage balance control is necessary 14 . SVV evaluation proved to be a simple and easy method to detect impairments on central integration areas, even when afferent signs seems normal. Further, the correlation of verticality misperception and impaired DGI scores in MS patients suggests that a disturbed processing of graviceptive pathways may be involved into the pathophysiology of balance disorders in these patients. This finding also suggests that misperception of verticality should be taken into account in rehabilitation programs for prevention of risk of falls and improve balance strategies in MS patients.
